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llTRODUCnOH 
For fUinf yetirm soil ixsvestigators hsTo roaHsed 
ths importanee of the soil solution in relsti<m to soil 
fertility. Xbe ooiipositloni^ eoncentratlon^ and qtiantity 
of soil solution deteraine to a large extent the pro-
doetlYeness of our soils. Oenerally speaking we know 
that sueh eations as calciaa, aagnesiua, sodium, potassium, 
and others are present in soil solutions, and that tlMse 
eations are generally associated with chlorides, |Aoa-
phates, nitrates and eax)K>nates. 
There are aany ageneies which aet on the 
Minerals in the soil to sake thea heeoBe arailable for 
plant use. An iaportant one is the carbon dioxide given 
off by plant roots through respiration and by aioro-
organism throu^ the deeoaqpositiim of plant reeidues* 
Cheaical reaetions taking place in the soil at all tlass 
hsTe their effect on the availability of the plant food 
eleaenta. Phyaieal relationships when altered tend to 
ehange the soil solution, and in general it sight be 
said that any change in the soil by any ageney auet as 
a eon«e(|uenee alter the aake-up of the soil solution. 
The eoil solution is a dynamic system, eon* 
tinually changing in oo^position, concentration, and 
•6* 
qiumtlty. The ttaoimt of solution mmj be deoressed in the 
soil byt (1) Pun-off» (2) peroolation, (3) transpiration, 
and (4) aTax>oration« The aolution irhan at its snalleiit 
•olUMS ia the aoat ooneantratad with plant food aiaarala. 
Ths aonoantration of tha soil solution amy be deoreaaad 
by utilisation by planta or loasaa in drainage water or 
it nay be increased through biological aetim. Tha 
soil solution aay gain in voluae by the artificial 
addition of water* by rainfall» by capillary action or by 
a riae in the ground water lewel. Aa the voluae of 
solution increases, the total quantltiea of ainerala in 
solution also increases but not proportionately. 
luaaroua inveatigatora have tried to eztraot 
the aoil solution but their results show only too well 
that the proeeaa of extracting the aolution in an ua* 
altered condition ia a difficult problea* If it ia 
iaq^asible with our preaent knowledge of soils to extraat 
tha true soil aolution, than we mst aaoapt tha solution 
aa it ia aztraatad by preaent aethoda until aore deairabla 
aathoda have bean parfaeted* Any aethod uaed will hawa 
ita diaadvantagea and all aethods now employed are open 
to oonaiderabla critioiaa* 
Gantrifuging the aoil, aoil pareolation, 
•arioua preasure aethods, auetimi applied to a poroua 
tuba in tb» aoiXf adsorption filtor paper» lyaiaater 
studiaa* and diaplaeaiaant with all typaa and alaaaaa of 
liquids haTa baan triads and hare eontributad informa­
tion of valtia to oar knovladga ooneaming tba oonposi* 
tion and ooneantration of the soil solution. At tha 
prasant tina a vatar axtraet of tha soil is baing \isad 
moat widely, and it is probably as raprasantatiTa of 
the trua soil solution as tha solution obtsinad by aost 
of tha other nathods* Obviously« wa have not yet 
daraloped a aethod for obtaining the soil aolution in 
an unaltered state. • field teat for obtaining tha soil 
solution maj be batter than a laboratory test, in that 
it might give a solution mora xwarly tha s«sa as tha 
original solution in tha soil. 
Tha soil solution is vary oleaaly related to 
the oolloidal aoiq^ex of tha soil. Am the aolloidal 
oomplex variasy tha soil solution tands to vary also. 
Tha oolloids funetion in tha soil to poiwant minerals 
from leaahing out of tha aoil« and to supply tha solu« 
tion with tha sdnarals irtian tha soluti<»i has baacna 
diluted. The oolloidal oo^^lex is also important as 
the seat of base axahange reaations in soils. 
The oolloidal fraotion of tha soil is 
generally aonaidared the nest reaotive portion of the 
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•oil and its inportanee has boon oaphasised by aany in* 
Toati^tora* W« atill know relatively little^ however, 
oonoemiBg the aettial oMehaniaai of the reaotlona broTight 
about by the colloids• A certain percentage of colloidal 
material may Improve the physical condition of the soil* 
This amount of colloidal xaaterial may or nay not be 
optlaram for other reactions in the aoil» or for the best 
tilth for crop growth. Colloids are active in the role 
of base exchange, holding the various ions chealcally 
by abaox^^tion* When the proper ions have been added to 
a soil in solutiiui there is an exchange of ions in 
which the ion added taleea the places of sons other ion 
already present* The colloids are said to be the binding 
power of the soil* Zt Might be said of the colloids 
that they asstns the role of a soil filter, that ia, they 
hold by one aeans or another the various aineral eleaents 
whiflh wottld otherwise be leached down in the aoil to such, 
depths that they would have no value as plsnt nutrients* 
The soil colloids have been divided into two fractional 
naasly, the organic azui the inorganic* 
Maiogr yeara ago, Jethro Tull expressed the 
opinion that the plants take iq> the finely divided 
partieles of soil through their roots as food* This 
theory elthougjh incorrect maj serve to indicate to com 
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oztant tbo iaqyortanoe of tho colloidal oomplaz* 
Baetoriologloally tha oollolda play a vary 
Important part in the aoil. Each oolloidal partiole 
may aasuma tha role of a nuoleua for a great nuober of 
bacteria that obtain their mineral and organio oon« 
stituenta from the colloidal partiole or fron the minerals 
in the moiature film surrounding the pai^tiole* Thus, 
the colloids in tha soil aorve as a habitat for both 
aerobic and anaerobic organlama. 
Zt can readily be aeen that there are atill 
many problems to be aolved concerning the nature and 
propez*tie8 of the true aoil solution and the oolloidal 
complex of the aoil* The purpoae of the work reported 
here «aa to determine some of the ralation^ipa between 
theae two cloaely inteirrelated fz«otiona of the aoil* 
The importance of the aoil aolution in a ayatem of aoil 
mapping, ita analyaia in conqpariaon with the analyais 
of the soils, and its relation to the exchange capacity 
of tha aoil have been studied* 
REVIEW OP LITBRATtJiat 
METHODS FOR EXTRACTIKO THE SOIL SOLUTlOl 
A BtOBtber of Bothodt for extraotlng tte soil 
lolution in an unaltered state have been proposed during 
the past thirty years* The solutions obtained by the 
different Hethode wom seldoa of the saae eomposition* 
For the past ten years a lt5 water extraot aethod for 
obtaining the soil solution has eoae into proHineaee and 
is probably being used more at the present tiae than any 
other nethod. Early investigators as well as the aore 
recent workers have realised that there is a definite 
relation between the soil solution, the soil colloidal 
•atter, and base ezohange* 
One of the earliest pieeea of work carried on 
in this eonntry was that by Briggs and McCall (14) in 
1904• These investigators used a porous poreelain tube 
burled in the soil and applied suetioa by aeens of an 
exhausted flask. Bj this wans they were able to secure 
saaU quantities of the true soil solution* This aethod 
had the advantage that it oould be used in the field as 
well as in the laboratory and the solution obtained froa 
the soils in the field was found to have very nearly 
the saas eonposition as the solution obtained froa the 
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MUM •oil in tbo lalH>rAtory* 
In 1912, C«aMiH>n (23) eoncludod tvw aom lyslMtor 
•tudies that the solution obtained in the drainage was not 
identical with the true soil solution. He found that the 
coBq>osition of the lysiseter drainage water did not give 
direct quantitative infomation as to the ooncentration 
of the soil solution* Prom this it would seen that the 
lysiawter studies adght be of significance if interpreted 
properly, but were of doubtful walue if lased as represents-
tiTe of the true soil solution* 
Later, Morgan (56) omcluded that the solution 
obtained by an oil pressure nwthod gave the true soil 
solution* In this xaethod he spplied five hundred pounds 
of pressure instead of suction which had been used pre­
viously* nie soil was placed in a cylinder and a layer 
of paraffin oil added after which the pressure was applied 
and the soil solution was pressed out* Morgan was able 
to extract fro« 2 to 70 per cent of the aoisture trtm 
the soil by this asthod* 
Za 1918, Lipaan (49) devised what he teraed 
a new aethod for extractixig the soil solution* Be had 
large cylinders specially prepared for this work* The 
soil was placed in these cylinders and subjected to 
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6S»000 potmda of pi*eaaure per square inch* This prored 
to be a aatisfaetory method for the eztraetion of the 
soil solution* Ottier pressure equlpaent bad been used 
before this tine but no pressure as high as this vas 
used. 
Boujoooos (9) oonduoted soae inrestigatione 
using a freesing point aethod for determining the eon-
eentration of the soil solution* He found that the data 
seeured fr<m the freesing point asthod oorrelated verj 
oloaely with the data seeured from a lt5 water extraet 
•ethod* Different typea and olasses of soils were 
studied and he was able to differentiate the soils bj 
tiie freesing point asthod. Soils treated with varioiis 
fertilisers gave various freesing points* Bs was able 
to tell by the freesing point the rate at whioh the 
•arious minerals went into solution after being applied 
to the aoil* 
Zn 1920f Boagland^ Martin and Stewart (S9) 
compared the soil solution as detensined by the freesing 
point aethod with warious aoil eztraets* They found 
the ls5 water extraet eontained frosi one and five-tenths 
to five tiaea the aaount of total solids eontained in 
the soil solution as oaloulated froa the freesing point 
data on a aoist soil* Fr<NPi their work they ooneluAed 
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that if « 1x5 mmter oxtraet was to be used the soil should 
be shaken with distilled water for two to three hours sad 
allowed to stand for one weelc before filtering* If a 
1:1 water extract was to be used, the soil and water needed 
to stand for only a day or two* Thoy found that the actual 
eoneentration of the solution was governed prineipally 
by the eqTiilibria existing between the dissolwed substanees 
and the inmiedlately soluble or absorbed substances* The 
concentration of the solution at any given moment was 
found to depend upon the resultant of the cxntolatiwe 
effect of the continuously varying solvent on the soil 
minerals* 
nae following year, Avgess (21) showed by 
a c(aq>arison of the direct pressure method with the 1x5 
water extract method that in nearly every case more of 
the soluble plant food elements were held in the 1x5 
water extract, than in the soil solution obtained by the 
direct presaxure method* A wide variety of California 
soils were analysed for calcium* magnesium, potassium, 
nitrates, phosphorus sad sulfates* These elements did 
not all vary to the same extent; the potassium dls* 
solved in the soil extract was, on an average, five 
times as much and the phosphorus was thirty-five times 
"is* 
as nmch in the extract as in the aoll solution. By oompar-
ing the 1:5 water extract with ooxiduotivity neaaxurettents 
of soil aolutlona» Burgeaa aeowed data vdiioh were in oloae 
agreement with the known produotlvity the aeTeral 
aoll8 examined. Brief mention was made cT certain expezd-
menta In which the oil pressure mathod was fotind to be 
of questionable value for securing satisfactory quantities 
of a uniform soil solution from certain soils* 
About the same time* Parker (59) studylz)g the 
conoentratian and oomposition of the soil SQluticn found 
that ethyl alcohol used as a displacing agent yielded a 
solution which had about the same composition as the 
1:5 water extract at the soil solution. He found that 
ethyl alcohol was a more 8atiafact<n>y displacing liquid 
than water, methyl alcohol, acetone, or liquids non-
mlscible with water. The composition of the soil solution 
obtained by displacement was not ixifluenced by the dis­
placing liquid used. The concentration of the displaced 
solution was found to be inversely proportional to the 
moisture content of the soil. It waa found that the 
freesing-point mstiiod did not give a meaaure of the 
concentration of the aoll aolution directly in the aoll 
at ordinary moiature content. Xt was only at high 
moisture contents, probably only above satupation that 
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ttaa freasi&^s-polnt method gava a meaauro of th« ooaoaBtra< 
tlOQ of the soil solutlcm* The freesijig*polnt dopresalon 
due to solid material 9 at the aolsture equlralenty waa 
found to be very nearly a constant for a nuadser of soils. 
Stewart (73)» In 19S1» reported that the li6 
water extract was the most adequate criteria In the 
study of the deficiencies of prodtiotiTlty of soils* 
Martin and Burd (54) reported on a modifica­
tion of the Parker diaplacemont xaethod for obtaining 
the soil solution. They found that, aided by positiTe 
air pressure never exceeding 100 pomds per square inch 
and uaing distilled water as the displacing aedixmy 
solutions displaced from closely compacted colttnos cf 
soils had a constant ccocentration* when the volume was 
from 60 to 80 per cent of ths original moisture in the 
soll« The concentrations of solutions displaced from the 
aaae soil at different moisture contents were inversely 
proportional to the total moisture. When the displaced 
solution f3ram a soil was used as the displacing ait^nt on 
another column of the sane soil at the same moisture 
content, the displaced solution was identical with the 
diaplacing agent, and the latter passed through the soil 
unchaxiged, indicatixig that the diaplaced solution has 
the same concentration and composition as the solutiooi 
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with i^ieh it eam» in contact In the soil. Conparisons 
made between displaced solution and the water extracts 
of the same soils at the same moisture content indicated 
that either method gave the same concentration of ni­
trates and chlorides, axui both showed very similar con­
centrations of calcium and magnesium. The extraction 
method in every case indicated a higher concentration 
of potassium and phosphoric acid than was present in the 
displaeed solution* In the case of tbe latter the 
excess was directly proportional to the excess water 
used In the extraction* 
About this same time* Tulaikov and Kusmin (78) 
deTelox>ed a method for obtaining the soil solution in 
comparatiTely large quantities more quickly and accurate­
ly than cotild be done with other methods* By this method 
the atmosj^re within a hollow cylinder placed within a 
definite volume of soil was exhausted* The pressure of 
the outer atmoaphex>e displaeed the solution from the soil 
into this cylinder as soon as sufficient vacuum had been 
prodxiced* To obtain sufficient soil solution from a soil 
with a moisture content of less than 50 per cent satura­
tion and to eounteract the molecular forces in tbe soil 
whieh tended to hold small quantities of moisture the 
soil wss pressed by means of a eoamKm press in addition 
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to the air eschauatlon. Teats of thia mthod indicated 
that it pemita of extraotion from vazying quantities 
of aoil and that mo2*e aoil solution aaj be obtained than 
by the other methods. COBparatively little tiai waa oon* 
aumed by thia aathod and the aoil aolution obtained waa 
of coxiatant concentration in the eonaecutiwe portions* 
Oreavea and Hirat (3S) have reported that clear 
aoil extracta may be obtained by adding two grana of liine» 
ferric aulfate, ferric aluB» sodium alum» or potaasitm 
alxim to the soil-water mixture, by filtering thru the 
Pasteur-Chanberlain filter, or by centrifuging. The laat 
three procedures gave a clear aolution with a nlnianm 
loaa of aelt* Lime, ferric sulfate, and ferric alum 
caused a consideralAe loss of nitrates. These workers 
claim that nothing is to be gained by agitating the soil 
and water for mere than fire minutes ppoivlded the soil 
is finely divided and the solution is vigorously shaken. 
Water dlsplaeeasnt of the aoil solution and 
the soil solution obtained by pressure were investigated 
by Bard and Hartin (19) in 1932. Their atudies ccndoeted 
on three aandy soils and two clay loams frcn California 
showed that the use of a positive air pressure on cloaelj 
packed soils deoreased the time of recovery and increased 
the yield of solution obtained by water displaeement. 
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Suooeasively displaced solutions of equal electrical con­
ductivity were obtained from each soil* The concentra­
tion thus measured was In eaoh case the same as that of 
the liquid obtained without the use of displacing water. 
Concentrations of Individual Ions In successive portions 
of displaced solutions were uniform in soils at optimum 
and at half optimum molatxire* There was an inverse 
proportion between total molstuz^ content of the soil 
and the concentration of the displaced solution as indi­
cated by measizpement of specific resistance* When the 
solution displaced by water from a given mass of soil 
was tused as the displacing agent on another portion of 
the same soil, the newly displaced solution had the same 
concentration of electrolytes as the displacing solution. 
This was taken to indicate that the displaced solution 
had the same concentration as the solution with which it 
came in contact in the soil. Evidence was presented 
Which tended to show that compacted soils become complete­
ly saturated during displacement, and that the mechanism 
of displacement consists in an actual translocation of 
successive layers of liquids* 
In the same year, Hibbard (37) working in 
Callfoxn&ia, on nine different alkali soils, compax*ed the 
solutions obtained by a 1:5 water extract and by the 
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dlsplAoament method. The data obtained indicated that 
the water extract doea not represent the actual condi­
tion of the solution in the soil. Carbonates» bicar-
bonates, and phosphates were greatly over-estimated in 
the water extract* Chlorides, nitrates, and sodium may 
be approximately correct; sulfates and potassium are 
likely to be much over-ostimeted; and calciim or 
magnesivuk may be either high or low. It was also foxuid 
that the actixal concentration of solutes in the true 
soil solution may be much gZH>ater than is generally 
realised by one accustomed to thinking in terms of the 
amounts found in 1:5 water extracts. The geochemical 
classification showed that the water extracts contained 
relatively larger proportions of sodium salts and less 
of calcium and magnesium salts than the true soil 
solution. The latter made the soil appear more favorable 
for plant life than did the water extraction method. 
Pierre and Parker (60), in 1926, successfully 
demonstrated the use of collodion sacks in obtaining a 
clear soil extract for the determination of water soluble 
constituents. Prior to this tine Parker had used the 
Pasteur-Chamberlain filter and obtained large amounts 
of a clear extract, but it could not be used for 
hydrogen-ion work nor where phosphorus was to be determined. 
-19 
The length of time that the soil was allowed to remain 
in these collodion sacks depended upon the minerals 
present; usually from two to tliree hours was siifficient 
time. This method was found suitable for obtaining 
large amoiints of clear extract from which all water-
soluble constituents could be determined by even the 
most sensitive colorimetrio method* 
CTedroiB (30), in 1929, working with soil so­
lutions, changed the rntlo between water axid soil and 
investit^ated the solubility of soil compounds of saline 
and non-saline soils* Ue found these water-extracts 
were an invaluable aid in differentiating these two types 
of soils. 
S(^reiner and Failyer (68) experimented on 
the use of the 1:5 water extract on moist and dry soil* 
They found that minerals in such an extract were present 
in stich small quantities that it was difficult to deter­
mine them accurately* 
In 1918, Burd (17) reported that water extrac­
tions of soils might be successfxxlly used as criteria 
for the crop producing power* He stated that there was 
always present in the soils eno\i^ water soluble minerals 
to supply the Imnedinte needs of the plants* Prom his 
data it was concluded that the optimum concentration 
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varies with every soil. By comparing the f Igxires express­
ing these characteristics with similar data derived from 
soils whose productive power was known, he was able to 
predict within reasonable limits the crop producing powers 
of the soil. 
THE liiPOKTABCE OP A CHEMICAL AMALYSI5 OF 
SOILS AND SOIL SOLUTIONS 
As early as 1903 Hopkins (41) suggested that 
the chemical analysis of the soil or fractions from the 
soil, aeirve as the foundation upon which methods of 
soil treatment mlrht he worVred out# 
Many of the earlier soils v/orkora were of the 
opinion that the soil should be analysed if one was to 
know anything as to its deficiencies or its productiveness. 
King (48) reviewed the early work of Oroixven, Peter, 
Schultze axid others and concltided that a highly productive 
soil would show a high content of the necessary plant food 
constituents. 
Hall, Brenchley, and Underwood (34) of England 
compared water extracts and the drainage waters of the 
Rothamsted exi>eriment plats with- the total composition 
of the soil and found that there was no relation between 
the total composition and the water extract, but that 
there was a significant relation between the fertilisers 
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applied and the composition of the water extract and the 
drainage water* At about this same time Mitsoherlioh (56) 
was able to dissolve the minerals from the soil with the 
aid of carbonated water and distinguish between fertilised 
and tmfertilised soils* His work tended to show some 
relation^ip between the total chemical composition of 
the soil and the amount of minerals which could be readily 
dissolved out. 
Thome (75) concluded that the chemical study 
of the soil and of the soil solution was necessary before 
any worth while recommendations for the improvement of a 
soil might be had. 
Some of the Investl/^atlons carried on by 
Cameron (22) indicated that a study of the soil solution 
at any particular time was of little value, due to its 
dynamic condition. He found that the character of the 
soil solution was dependent upon the minex*als in the 
soil, but that the same amotmts of minerals in one soil 
would tend to yield a solution widely different in con­
centration than that obtained from another soil. 
Ames and Gaither (1) showed rather definitely 
that the excesses and deficiencies of a soil could be 
accurately aeasux*ed by analysis of the soils* Hall and 
Russell (35) wore of the same opinion, but in addition 
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they inalatttd that the physical character of the soil be 
considered* The mechanical analysis should certainly be 
correlated with the chemical analysis because It Is the 
physical characteristics of the soil that regulate the 
water supply and, therefore» the temperature and air 
supply^ They also affect the ease of cultivation, and in 
fact play n Icrge part In determining the value of a 
soil. 
Robinson (63) found no dependence of the soil 
solution upon the total composition of the soil, except 
in the case of the very soluble ions. He explains this 
by showing that the soils are made up of a number of 
different minerals, and that the reaction between water 
and these minerals is irreversible and one cdT deccmposi-
tion* This woxxld suggest that if the condition outside 
the water-mineral mixture was kept constant, then the 
quantity of soluble matter would depend upon the kind 
and extent of the mineral siirfaoe exposed, the protec­
tion of the film of colloidal residues, and the capacity 
of these colloidal residues for adsorption* When those 
facts are considered, it would seem that there can be 
little correlation between the total composition of the 
soils containing much undecomposed minerals and the 
water extracts* It is certain that any solution formed 
1 
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by the action of water upon soil minerals is subject to 
considerable modification by the colloidal matter* 
The mineral constituents of some soil solu­
tions were detersdned by Cameron and Bell (24). They 
foimd that nearly all soils had some of the same mineral 
species fTom li^ich the soluble fractions wore dissolved. 
It was their opinion that the soil solution was prac­
tically the samo in all soils, and that this concentra­
tion would be great enough for crops for many years* 
Davis (26) made use of the electrolytic 
bridge for determining soluble salts in soma soils* The 
resistances of various soil extracts were measured and 
these in turn compared with the total soluble salt con­
tent of the corresponding soils* He foxind a yerj good 
agreement between the resistance offered by a solution 
and the amount of soluble salts present* 
In 1924* Atkins (4) used the electrical con­
ductivity measurements of extracts for detecting the 
fertility of a number of soils* He recognised that a 
high electrical conductivity might only indicate the 
presence of an excess of salts and did not necessarily 
Indicate a good soil* However, the results mere taken 
to indicate that a rapid increase in conductivity as the 
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eztx*aotion was prolonged indicated Increased solubility, 
partly throxigh bacterial action, and might be considered 
as a useful indication of fertility* On the otber hand, 
a low conductivity, v/hich remnlned low on continued ex­
traction, denoted a soil so low in soluble elements as to 
be unproductiye• 
Burd (16) in 1918, claimed that either a chemical 
or a mechanical analysis of a soil was inadequate for 
estimating soil fertility. He pointed out that field 
studies or the past performance of a certain soil was also 
necessary in order to make recommendations* 
Some early analytical work on soils was carried 
out by Robinson (62) who analyzed a great many soils from 
all x>arts of this country* Later Robinson and Holmes (64) 
analyzed a Cairrington loam soil taken from Iowa lAiich was 
found to contain: 77*28 per cent of Si02» 8*93 per cent 
of AI2O3, 2*89 oer cent of Pe203, 0*84 per cent of CaO, 
0*54 per cent of MgO, 1*35 per cent of K2O, 1*15 per cent 
of lia20# 0*14 per cent of F2U5, 0.27 per cent of nitrogen, 
and 32*4 per cent of colloidal material* A Marshall 
silt loam soil from Nebraska was found to contain: 
72*06 per cent of SiOg* 11*18 per cent of Al205» 3*66 per 
cent of P«203« 0*90 per cent of CaO, 0*66 psr cent of 
MgO, 2*66 per cent of KgO, 1*02 per cent of Ila20, 0*21 per 
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cent of Pg05, 0«2S per cent of nitrogen and 27*30 per 
cent of colloids* 
Bear and Salter (6) found that the nitrogen-» 
phosphorus-, carbon ratio of a soil was more or less 
proportional on differently treated plots* They showed 
graphs which indicated that these three constituents 
parallel each other in variously treated soils* 
Dracbev (27) extracted a nxamber of soils 
using various soil-water ratios* He found that the 
amount of salts extracted from soils with various amounts 
of water was proportional to the sqxiare root of the volume 
of water used* He also found a relntionship between the 
amount of electrolytes dissolved out and tlie exchange 
capacity of the soil* He found correlations between the 
chemical composition of the soil and the cmnposition of 
the water extracts* 
SOIL COLLOIDS AND BASE EXCHANOE 
The work of Van Beamelen (79) in 1878 idiowed 
some of the importance of colloida in regard to base 
absorption* At that time very little was known about 
how or why bases were absorbed in the soil; however» 
many workezMi befoM. this time had reported that wj)«n.|i 
base was applied to the soil they were unable to recover 
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all of the basic ions which had been applied. Van 
Bemmelen connected this base absorption with the zeolitie 
nature of some of the soil particles* He disproved the 
early idea that the replaceable bases were chemically 
coinbined with the soil but said that they were adsorbed 
or absorbed. 
A little later. Van Bemmelen (80) foiind the 
colloidol silicates and colloidal humus formed in 
various proportions, a mass of colloidal complexas that 
controlled the composition of the soil solution. It was 
this early woxk of Van Bemmelen's that gave rise to the 
great amount of research on colloids and base exchange 
that was to follow. 
Schloesing (65, 66, 67) was one of the first 
to call attention to the colloidal matter in soils. Aa 
early aa 1874 he reported various percentages of colloids 
in a number of soils ranging from fine sands to very 
heavy clays. He considered the soil colloids to be a 
hydrous aluainua silicate (Al2O3.2siO2.2H2O). 
Briggs and McLane (15) extracted the soil 
solution and obtained the colloidal fraction from the 
soil by centrlfuglng at 2000 to 3000 times the force 
of gravity* 
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Oreon and Aapt (33) of England eonsidered tho 
soil colloids to be of much importance from the stand­
point of the moisture relationship in the soil. They 
thought that the soil was composed of a bundle of capillary 
tubes through irtiich the air and water moved but was con­
trolled somewhat by the amount and kind of colloidal 
material present. 
Stiles and Jorgenson (74) called attention to 
the complex character of tho soil and emphasised the 
importance of colloidal substances in the soil In soil 
water investigations. They concluded that further study 
in soil physics would be necessary to clear up many of 
the points that were questioned at that time. 
Bouyoucos* (10) investigations showed that the 
soil solution around the soil particles and in the very 
fine capillary spaces was less concentrated than the mass 
of the solution. From this it would seem that the colloids 
present in the soil probably absorbed some of the minerals 
from the solution with which it comes in contact. 
Bilx (7) found that rock weathering resulted in 
the formation of complex colloidal silicates, which in the 
form of gels, covered the surface of the soil particles. 
This covering would thus influence the composition of the 
soil solution. From this it can readily be seen that the 
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oolloldal slllcatoa foimd at that time were involved In 
an exchange of ions or in the absorption of iona from 
the soil solution* 
Keen (4S) in Kzigland gave a critical diacuaaion 
of aone of the data obtained by Bo\]youcoa* He pointed 
out that It wsa not only the amount and concentration of 
the soil aolution that fixea the freeeing-point depreaaion, 
but also the amount and kinda of colloidal material present 
in the soil* 
In California, Martin and Christie (53) found 
that the amount of moiBture which could be extracted from 
various textured soils was widely different. This was 
thought to be due to the holding or adsorption power of 
the colloids* 
In 1920, Keen (43) concluded that a study of 
the soil from the colloidal point of view would be 
necessary to a clear understanding of the relationship 
between the soil and the soil solution. 
The absorption by colloidal and non-colloidal 
soil constituents was reoorted by Anderson, Pry, Gile, 
Uiddleton and Robinson (2). They found that practically 
all the abso]*ptive power of the soil was localised in 
the colloidal material. The colloidal material which, has 
hlgjh absorptive power profbably, thez>efore, acts to a 
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considerable ejctent as u. rogulator of the soil solution. 
Influencing the kind and concentration of the various 
bases In true solution and affecting the rate at which 
the soil minerals decompose* 
Truog (76) In a review of the various theories 
of how plants feed stated that the colloids remove any 
excess of minerals from the soil solution after fertilisa­
tion and prevents loss by leaching* This assumption was 
based on the fact that the drainage water does not readily 
remove many of the plant food elements from the soil. It 
was found that In sandy soils, low In colloidal content, 
the minerals were readily dissolved out by the drainage 
water* 
Hoaglend (40) observed that the replaceable 
bases In the soil depended upon the nature of the 
colloidal constituents of the soil* He thought that by 
a study of the colloidal fraction It might be possible 
to predict In the field whether the particular soil In 
question was capable of developing an adequate soil 
solution* 
BosehI and Martin (18) pointed out that the 
soil solution was a dfoaAaic system changing at all times* 
These changes were partially due to the exchange 
I^nomena going on In the soil which Is somewhat governed 
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by the eonoentration of the solution. Later, (20) they 
reported on data sooix3*ed froa solutions displaced froa 
seven California soils* In this work they found that 
soils that vere cropped for a number of years had a soil 
solution of lower concentration than a similar soil not 
cropped* This was due to the taking out of the plant 
food constituents by the crops and in turn they were not 
returned elthor by surface Rnnllcations of fertlllssers, 
nor were they released by the colloids of the soli* 
Bawer (5) eaphasized the fact that the colloidal 
material is irasponsible for most of the physico-chemical 
phenomena observed in soils, and that the colloidal 
organic matter may be of xaajor significance in this regard. 
The absorptive capacity of soils for cations was found to 
inox*ea8e with the Increases of organic matter. 
In a presidential address to the American 
Society of Agronomy in 1930, Kelley (45) stated that he 
considered base exchange to be one of the Important prin­
ciples of soils. Re showed that the base exchange compounds, 
or colloids, were of real significance in plant nutrition. 
He stated that the bases must constitute en integral part 
of the colloldnl particles, and that the base exchange 
compoitnds were both amorphous and crystalline, but varied 
with the soils studied. 
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More recent work by ifQller (57) ahowed that 
the base exchange of n soil Is closely correlated with 
the degree of decomposition of the organic matter present. 
Materials such as peats vere found to have a high base 
exchange capacity and the fr«8h materials such as straw 
and wood shavings had little or none. He found indica­
tions that llgnln was largely concerned In base exchange 
In natural organic materials. 
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EXPERIMEKTAL 
Tho eheaioftl analyses of soils and soil extracts 
were made in an effort to oharaeterise more eompletely 
a number of important Iowa soils* The base exchange 
properties of the soils were detersdned and correlations 
made with the composition of the soils and of the soil 
extracts. Investigations of the relationships between 
the soil colloids and the microflora of the soils were 
also carried out* 
CHEMICAL AKALJfSKS 
Preliminary Studies on Soil Colloids 
Some preliminary work on the colloidal pro­
perties of four soils from different sections of the state 
was carried out* These four soils* sampled in the fall of 
1931, were Carrington loam* Webster silty clay loam* Cass 
loam and Tama silt loam* and are described as follows* 
The Carrington loam is one of the most extensive­
ly deTeloped soil types found in the state and is of drift 
origin* The surface soil of this type is a brown mellow 
loam* 14 to IB inches in depth* The subsoil is a brownish-
yellow to yellowish-brown sandy clay loam to sandy clay* 
occasionally showing some mottlings of gray in the lower 
depths* In some areas the lower subsoil is gritty and 
contains some grawel and sand* The topography of the 
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Carrington loam varies from undulating to strongly rolling. 
The drainage of the type in general is quite satlsfactoi^y* 
This soil is naturally a very fertile soil and crop yields 
are generally quite satisfactory. The soil contains con-
slderable organic matter and la fairly well supplied with 
nitrogen and pboaphorua* 
The soil classified as the Webster sllty clay 
loam is found in the Wisconsin drift ar«a« It occurs 
principally in the lower flatter areas along the inter-
Bdttent dralnageways and in the depresaed level sections 
of the uplands. The surface soil of the type is a blade 
sllty clay loam, 10 to 12 inches in depth. The subsoil 
is a dark brown to grayish-brown sllty clay loam to sllty 
clay to a depth of 20 to 24 inches. Below that point it 
becomes a grayish-brown to dark drab tenacious sllty clay 
to clay, mottled with brown, gray and yellow. In the more 
poorly drained areas there is a hi£^ content of lime in 
the stirface soil, and the lower subsoil is always rich in 
calcareous material. TMs soil type varies in topography 
from level to very gently undulating. The natuiral drainage 
of the soil is quite inadequate, and the installation of 
ditches and tile drainage is necessary if this land is to 
be used for general farm czs>ps and yields are to be at all 
satisfactory in average seasons. This soil is well 
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•upplled with organic matter, has a plentiful supply of 
nitrogen but does not have any large amount of phosphorus* 
The soil classified as the Cass loan is a minor 
type found on first bottomlands* The surfaoe soil of this 
type is a dark brown to black, friable heavy loan, from 
10 to 15 inches in dopth. This is imderlaid by a light 
brown to brown loamy sand, mottled with faint gray and 
yellowish-birown* Iron stains occur in the lower part of 
the subsoil azid there is considerable coarse material and 
very fine sazid. In topography this soil is flat but 
drainage is good* It is subject to overflow and must be 
protected by levees if it is to be successfully cultivated 
in all seasons* The type is naturally productive, and 
in favorable s«»8sons very sfttlsfactory yields are secured* 
It is fairly well supplied with organic matter, nitrogen 
or phosidiorus* 
The Tsma silt loam is foxmd in the southcentral 
and eastcentral part of Iowa* It occurs at the heads of 
meet of the small drainageways and is foitnd on the rolling 
uplands and on the slopes separating the more level uplands 
from the lighter-colored, forested and more eroded hill­
sides* The surface soil of the Tama silt loam is a dark 
brown, friable silt loam, grading at 14 inches into a 
yellowish-brown silty clay loam* At 22 inches, the subsoil 
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la aomewhat heavier in texture, becoming a silty clay, 
yellowiah-brown in color* Occasionally below 30 inchea, 
there are faint yellowish-brown mottlinga and iron staina. 
In topography this aoil is gently rolling and is well 
drained aa a whole* Eroaion occurs to aome extent and on 
the steeper slopes the soil niay vary from 2 to 6 inches 
in depth, end in some oases the lighter colored silty clay 
subsoil la extjosed. The Tsmn silt lomn is normally a pro­
ductive type but it responds to applications of organic 
matter and phoaphatic fertilisers* 
Soila oharacteriatic of each particular type 
were selected and carefully sampled* The upper 6 inchea 
of the aoil were taken, passed through a eo-meah aieve 
and placed In 4-gallon Jars which were kept in the green-
houae* The moiature content of the soils was maintained 
at approximately 50 per cent of the saturation capacity, 
with distilled water* Weeds azid other growth were kept 
down by atirring the aoil with a apatula once each week 
during tha time the aolla wer« being sampled* 
These four soils were analysed for colloida, 
total carbon, organic carbon and the pH waa alao determined* 
The data secured in these studies are shown in table I* 
The colloids were deterxnlned by the fiouyouoos (11) hydrometer 
•ethod irtiich coxiaiata in the placing of a known amount of 
TABIf 1 
COLLOIDAL PROPERTIES OF FOUR IOWA SOILS 
t percentage coipciltion 
sColloldatTotal tOrganietOrganle i5rgan^^ icoiioiaaitcoiioioaiipH or 
Soil Type tin soil icarbontcarbon tearbon tauitter tawtter lauitter tttae 
t tin tin tin iwhich is twhich is twhieh is tsoils 
isoil tsoil' tcolloidstcolloidaltorganic xinorganict 
CaxTinston loan 31.40 2.50 2.50 6.51 79,25 1.98 29.42 6.72 
Webster silty clay 45.60 7.16 5.01 9.39 85.46 4.28 41.32 7.57 
loaa 
Cass losM 20.60 4.45 3.36 7.09 43.58 1.46 19.14 7.93 
Taaa silt loaa 28.60 1.98 1.98 5.17 74.69 1.48 27.12 6.42 
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aoll In the container of a Bialted milk maohine and adding 
water until the container is about two-thirds full* This 
is allowed to stand for 15 minutes to permit of the slak­
ing of the dry soil, then 5 oc. of solutions of sodium 
hydroxide and sodium oxalate are added and the malted 
machine is started and allowed to rvux for 10 ainutes after 
which time the liquid is poured into a special cylinder, 
a hydrometer is placed in the cylinder and water added up 
to the 1000 cc. mark, after which the hydroaoter is taken 
out and the soil-water mixt\ire shaken. The mixture is 
allowed to settle for IS minutes at the end of which time 
the hydroaeter is placed in the solution, the reading 
taken, the temperature determined and the per cent of 
colloids is calculated from these data* The hydrometer 
used in this work is one specially prepared and calibrated 
to read directly the per cent of colloids* 
The total carbon content of the soils was 
determined by the dry combustion method* The inorganic 
carbon was determined by the method of Schollenbei*ger (70)* 
The colloids from these soils were extracted by means of a 
super-centrifuge run at the rate of 40,000 revolutions per 
mimxte* The colloids were dried and the carbon content 
determined* The pH was determined by msans of the glass 
electrode method* The results obtained are presented in 
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tablo I and the other data colleoted In table I were cal­
culated from the colloids, total carbon and organic 
carbon. 
The Webster silty clay loan had by far the 
highest colloid content^ followed by Carrington loan. Tana 
silt loan and Cass loan in the order given. It would be 
expected that the Webster soil should have the highest 
colloidal content because of other physical characteristics 
of this soil, such as texture, structure and conposition. 
The Webster silty clay loan Tras also highest in total 
carbon content with Cass loan, Carrington loan and Tana 
silt loam following In the otnior given. This nigiht be 
expected too because the Webster silty clay loam is very 
hi^ in organic natter. The Cass loan soil does not con­
tain a high organic natter content but becaiuie of excessive 
drainage which tends to keep the soil dry and prevents 
extensive bacterial action the organic natter tends to 
accunulate at or near the surface of the soil. The 
Carrington loan is noderately level, has a rather clayey 
subsoil and is well drained. Zt night, therefore, be 
expected to have a high anount of total carbon. The Tana 
silt loan which has the lowest total carbon content is also 
subject to nore leaching and washing than the other soils 
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due to its more rolling topography. lu those four soils 
most of the carbon was found to be of an organic natiure. 
The Webster sllty clay loan which has a pH value of more 
than 7.0 contained 2.15 per cent of inorganic carbon* A 
large part of this was probably present in the form of 
calcimn carbonate. The Oass loam^ a bottomland soil, had 
1.10 per cent inorganic carbon. The Carrington loam which 
is slightly acid contained negligible quantities of in­
organic carbon and the Tana silt loam which is also acid 
contained no inorganic carbon* 
The carbon present in the soil colloids after 
extraction from the soil was found to be chiefly in the 
organic form* This was due no dotibt to the leaching out 
of the inorganic carbon during the course of extraction* 
The organic carbon content of the soil colloids was 
highest in tho Webster silty clay loan being 9.79 per oent* 
in the Cass loan 7.09 per cent, in the Cai*rington loan 
6*31 per cent, and in the Tama silt loam 5*17 per cent* 
These data also show that 85*01 per cent of the organic 
matter in the Webster silty olay loam was colloidal, 
79.25 per cent in the Carrin{»ton loam, 74.69 per cent in 
the Tana silt loaia, and 43*68 per cent in the Cass loan 
was colloidal* This might be explained by the difference 
in intensity of bacteriological action in the different 
•oils* 
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The Viebster sllty clay loam cont&lned 4*28 per 
cent of colloidal organic material, the Carrington loam 
1*98 per cent, the Tama silt loam 1»48 per cent and the 
Cass loam 1.46 per cent. The Webster silty clay loam by 
calculation contained 41.32 per cent of inorganic colloidal 
material, the Carrington loam 29*42 per cent, the Tama silt 
loam 27.12 per cent and the Cass loam 19.14 per cent. 
These data correspond with the characteristics of these 
four soils as outlined in Iowa soil survey reports azid it 
would seem possible to place eaoh of these soils in their 
proper series on a basis of this study of the colloidal 
matter. 
Chendeal CoiBposltion of Soils 
A complete analysis was aade of nine Iowa soils 
sampled in the fall of 1952. This analytical work was 
done to detexnnine whether or not theire was any carrelation 
between the soils azid their water extracts. 
The nine soils included the Carrington loam, 
77ebster silty clay loam, and Tama silt loam but samples 
of these types were taken from different areas than were 
sampled in 1931 and the soils, therefore, might not have 
the same composition. The other six soils used in this 
work are classified as Shelby loam, Grundy silt loam. 
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Marshall silt loaoiy Clarion loam, Clinton silt loam 
Carrington silt loam. These nine soils were taken 
approximately in the areas designated by the blaek points 
on figure 1* 
* 
The Shelby loam is a drift soil found chiefly 
in the contralto south-central parts of Iowa* It is 
located on the roI11.n;? to roTigh uplands where the upper 
layer of loessial soil has been washed away. The surface 
soil of the Shelby loam to a depth of four to eight inches 
is a dark grayish-brown, finely granular, friable loam, 
containing some fine sand. The subsoil is a yellowish-
brown granular silty clay loam. In some areas thez>e is 
a layer separating the dark colox^ starfaca soil from the 
yellowish-brown subsoil which is somewhat lighter in color 
than the surface soil and gradually grades into a li£^t 
colored subsoil. Below 18 to 24 inches the subsoil con­
sists of glacial drift made up of fragments of many kizula 
of rock, usually reddish-brown or yellowish-bz>own in 
color and spotted with red, brown or gray* Small i>ocketa 
of sand and grarel ocnxir in the subroil and boulders are 
quite frequently found. In topography the Shelby loam 
is strongly rolling to hilly and the drainage is good to 
excessive. This soil is subject to serious erosion and 
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reaponda to liberal applications of organic matter and 
phoaphatie fertilixera. 
The Grundy silt loan ia a loeaaial aoll found 
extenalTely in the Southern Iowa loeaa area. The aurfaoe 
soil of the Qrundy silt loam ia a Terj dark grayish-broim, 
friable ailt loam extending to a depth of about 12 inches. 
It ia mellow vtoen dry but sticky and almost black when 
wet. In the lower part of the surface aoil faint gray 
markinga appear* Between 12 and 17 inches, the material 
ia ailty clay loam a lightly browner in color than the 
surface soil. From 17 to 25 inches the soil is a heavy 
clay, dark brt>wa in color on the exterior of the particlea 
but somwhat gray to yellow or brown in the interior. 
The coloring la evidently duA to a coating of organic 
matter which haa moved down from tho surface soil. The 
topography of thia aoil is IsTel to gently rolling and 
the drainage is somewhat variable. It is only on the moT9 
level areas that artificial drainage la necessary. In 
the more strongly rolling areas some erosion has occunred. 
The Grundy silt loam ia usually found to be in need of 
farm manure and phoaphatie fertilisers are also recommended. 
The Marshall ailt loam is a loessial soil found 
in the Missouri loess soil area. The siirfaca soil of the 
Marshall silt loam is a very dark grayish-brown, friable 
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silt loan, appearing alnost black when wet. It extends 
to a depth of about 5 Inches. Th» subsurface layer Is 
similar In color to the sxarface soil but consists of a 
slightly heavier silt loam. This layer on the smoother 
uplands Is about 7 Inches In thickness. On the slopes 
the surface soil Is thinner and on small areas on the 
steep slopes, on the tops of sharp knolls and ridges, 
the darker colored surface soil has been removed end 
the lighter colored tmhsoil exposed. On the more level 
to smooth, broad areas botwoen the streams the sitrface 
soil axid subsurface layer will usually amount to about 
12 Inches. The upper subsoil of the type Is a dark 
grayl^-brown In color, becoming lighter at the lower 
d^ths. This layer extends to a depth of from 18 to 
25 Inches where It grades Into a grayish-brown heavy silt 
loam to a depth of 25 to 36 Inches. Below 35 Inches the 
color Is grayish-yellow or yellowish-brown and the soil 
material Is soft and friable. Below this point there Is 
the unweathered, unleached parent loess which consists 
of a loose, structureless grayish-yellow or yellowish-
brown silt. In topography the Marshall silt loam Is 
gently undulating to slightly rolling but In some places 
it Is wore hilly to rough. This soli Is rather a 
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prodiwtivd type and crop yields are very satisfactory. 
It is slightly acid in reaction in the surface soil and 
the addition of lime and phosphate fertilizers are 
recommended* 
The Clarion loam is developed extensively in 
the Wisconsin drift soil area. The surface soil is a 
brown to very dark brown or black aelloWf friable loaa, 
15 to 18 inches in depth. The subsoil is a yellowish-
brown to grayish-brown friable clay loaa« grading at 
28 to 30 inches into a yellowiah-gray or mottled grey, 
brown and yellow clay loam or clay. In the aore level 
areas the soil is blacker in color due to the higher con­
tent of organic natter. In the lower subsoil in many 
places there are gray mottlings and occasionally there 
is a gray layer. This gray coloration of the subsoil 
is caused by the high content of liaie which is character­
istic of the Clarion soils. In topography the Clarion 
loam is gently undulating to rolling, and drainage in 
general is quite adequate. This soil is naturally a 
productive soil* has a medim nitrogen and organic matter 
content and responds to phosidiate fertilisers. 
The Clinton silt loan is found in the 
Mississippi loess soil area. The surface soil of the 
type Is a grayish-brown or gray friable silt loan, 4 to 
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6 Inches In depth. The subsoil is a mottled yellowlsh-
broim and gray, tough, compact, silty clay loam extend­
ing to a depth or 24 to 30 inches* This compact subsoil 
is underlaid by a more friable sllty clay loam material 
which becomes more silty at the lower depths. In 
topography the Clinton silt loam is hilly to rough and 
drainage is good to excessive. This soil is subject to 
serious erosion. It responds to applications of farm 
manure and lime and phosphate fertilisers are recommended. 
The Carrington silt loam is found in t'-he 
lowan drift soil arec. The surface soil of the Carrington 
silt loam consists of a grayish-browt^ mellow loam, extend­
ing to a depth of 8 or 10 inches. The lover part of the 
surface layer is a very dark brown, finely granular, 
friable silt loam. The upper subsoil is a light brown 
or brown, heavy silt loam or silty clay Ipab* extending 
to s depth of SO inches. Below that and to a 
depth of 40 inches, the subsoil is a ybllorvlsh-brown 
clay loam containing faint grayish streaks. Below 40 
inches the substz>atum or parent material consists of a 
grayish-yellow, gritty clay loam, containing coarse 
sand azid small pebbles. In topography the Carrington 
silt loam varies from almost level to tmdulating. 
Drainage is generally quite adequate, but in the level 
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areas there la need for tiling. The natural fex*tility 
of this soil is high but beneficial results are secured 
froa the application of farsi mBxnirep lime azid phosphate 
fertilizers* 
For convenience in doalrprintinc the nine 
soils, numbers are used on the figures Instead of the 
soil type names. These numbers were given to the various 
soils as shown in table II. 
Methods and Results 
All of the analyses were made by standard 
methods. Hillebrand's (38) methods for silica^ lx^>n 
and aluadzia were used* and these include the use ccT 
sodium carbonate fusion for silica. MeCrudden*s (50) 
methods for calciua was used, and this Involves the 
pireclpitation of the calcixua as calcium oxalate and 
titration with a standard solution of potassium per­
manganate. Harper's (36) modification of the phenol-
disulfonic acid method was used to determine nitrates, 
and the total nitrogen of the soil was determined by 
the ordinary KJeldahl method as described by Fred 
and Waksman (29)• Truog*s (77) 0.002 N. sulfuric acid 
method was employed for soluble j^osphorus. The 
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TABLE II 
SOILS USED IH SOME CHEMICAL AHD 
PHISIGAL STUDIES 
Mo. : Soil Types 
1 Shelby loam 
2 Webster silty clay loaa 
3 Tama silt loam 
4 Orundy silt loaa 
5 Mairshall silt loam 
6 Clarion loaa 
7 Clinton silt loam 
8 Carrinfjton loam 
9 Carrlngton silt loam 
-49-
•tandard perchloric acid method for the determination of 
potassium snd sodlvun WAS followed. Table III gives the 
results of this chomlcnl anplysea made on these nine 
Iowa soils. 
The Webster soil lost 2&«49 per cent of its 
weight on ig;nition, which was over twice as much as any 
of the other soils examined. The hl^ organic matter 
content of this soil readily acco;mts for this loss. 
The color of these soils corresponds in general to the 
differences In the loss on i0iltion« the color being due 
chiefly to the organic matter present. 
The SlOg content of these n5j(ie soils was found 
to be quite variable* As a general rule the drift soil 
had leas Si02 than the finer loesslal soils. The teztto^l 
classes of the soils of these two divisions indicate that 
the silica content of the loessial soil would be higher 
than thnt of tho drift soils. "Tihe SiOg content varied 
Inversely with the loss on ignition, that is, where the 
leas on ignition was high the silica content was low. 
The sesqxiicacides (Fe203 and AlgOs) were not 
determined separately. The Marshall silt loam contained 
the highest content of sesquloxldes end tiie Shelby loam 
the lowest. The color of the Mar^all silt loam might 
indicate a high aluaina content due to its gray to grayish-
60* 
tabu5 ii: 
crehical analysis of 
tLOSS OB t t : t 1 
Soil Types tignitiont SiOg t 
1 t s 
R2O5 1 
t 
CaO 1 
t 
MgO 1 
t 
Shelby loon 8.92 70.62 15.62 0.79 0.10 < 
Webster silty olay loot 25.49 50.29 21.17 12.49 0.47 
Tana silt loam 9.87 70.50 18.81 1.00 0.78 
OroBdy 'silt loam 8.12 69.12 20.95 0.79 0.46 
Murdtiall ailt loam 11.31 55.20 27.80 1.04 2.27 1 
Clarion loam 9.67 69.27 17.97 1.00 1.90 
Clinton silt loam 11.12 67.60 17.95 0.85 1.81 I 
Carringttm loam 10.27 66,44 18.54 0.62 0.9S 
Cax^ngton ailt loam 8.S0 61.82 19.00 1.12 1.21 

I 
tablb iii 
e3iigal analysis of sohb iowa soils 
feredntagd compoaitioia 
: 9 t t t t 9 t t "7 iTotai tinorsanie 
B®8 » CaO 1 MgO 1 PgOe 1 H 1 KOx t EoO; t HagO t pH tOoUoldiOarlxaisCarboii 
t t « t t s S t 1 t t 
S.6S 0.79 0.10 0.10 0.22 0.10 1.84 2.18 8.98 41.00 2.28 traoo 
I,17 12.49 0.47 0.18 0.84 0.15 1.68 2.47 8.16 45.60 7.88 1.08 
6.81 1.00 0.78 0.18 0.22 0.06 2.46 1.87 5.88 40.60. 2.72 traea 
0.96 0,79 0.46 0.1£ 0.18 0.06 2.28 2.71 5«40 42.60 1.98 traoo 
7.80 1.04 2.27 0.18 0.26 0.06 1.70 2.24 6.14 89.60 2.98 %raoo 
7.97 1.00 1.90 0.12 0.24 0.08 1.28 2.81 6«14 88.60 2.78 traoo 
7.95 0.8S 1.81 0.18 0.22 0.04 2.00 2.80 8.77 89.60 2.74 traoo 
8.S4 0.62 0.95 0.24 0.04 1.89 2.29 6.01 88.60 2.78 traoo 
9.00 1.12 1.21 olis 0.19 0.04 1.82 2.54 8.88 88.00 2.16 traoo 
/ 
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blue hue. The Webster sllty olay loam was also high In 
sesqxiloxides. The high iron and altudna content in 
this soil Bight be associated with the high water table 
due to poor drainage. The Webster silty olay loam con­
tained 12.49 per cent of calcium oxide which was approxi-
aately 12 times as much as was found in any other soil 
examined. This was the only soil that gave a pH above 
7.0. A high calcium content is one of the important 
characteristics of a typical Webster soil as shown by 
the soil survey bulletins.^ The magnesium oxide content 
was quite variable, the Marshflll, Clarion and Clinton 
soils containing the highest amounts. 
The Webster silty clay loam contained the 
highest percentage of P2O5 and the Shelby loam was the 
lowest. 
Table IV gives the data secured from the cal-
ouUtlou of r.tlo.. 
The more fertile soils as indicated by crop 
yields, the Webster silty clay loam azid the Marshall 
silt loam, exhibited a narrow ratio whereas the other 
soils all have a somewhat wider ratio. It would be 
difficult here to know how much difference in the ratio 
would be significant either as an indication of fertility 
•52" 
TABLE IV 
SOLUBLE PlIOSPHOFUS, C:N RATIO AND 
RATIO 
COMpoaltlon 
or : : 
Soil Types 
: p«p«m. 
: O.OOSN : CtH 
tHgS04 Soluble: Ratio 
; Phoaitfiortta t 
:SiOg 
*r20s 
Ratio 
Shelby loan 24 10 .36 5. >90 
Webatep silty clay 
loam 60 18 .53 1, >43 
Tana ailt loan 44 12 .36 3. •73 
Qrundy ailt loan 76 10 .83 3. 29 
Uarahall ailt loam 87 11 .23 1. 98 
Clarion loam 51 11 .33 3. >85 
Clinton ailt loam 47 12 •45 3. 76 
Caxnrington loam 33 11 .37 3< .62 
Carrington ailt loam 35 11 .36 3. 25 
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or as an aid in differentiating oxw soil type fron 
another. Sone investigators have said that soils having 
SiOfi 
* AI263 + Pegfis of 1®®® than 2 tend to have a friable 
structure which will give rise to easy cultivation and 
general tillage practices. If the ratio is greater than 
2 the soil is said to be more plastic and impervioxxs which 
makes it more difficult to handle under general cultivation 
practices. Bradfleld (12), Gile (31), and Anderson and 
Mattson (5) note the importance of the PegOa 
ratio, and consider this fraction very important in all 
soil reactions. 
Figure 2 shows the relationship between the 
^l20a^^®^®203 the per cent of P205* There is 
almost an inverse relation, that is, whan the „ 
ai2o3 + f®205 
ratio is wide the P2O5 content is low. 
The ziltrogen content of the Webster silty clay 
loam was relatively high and of the Oruxkdy silt loam 
relatively low, the percentages being 0.34 per cent and 
0.18 per cent, respectively. The nitrogen content of 
these soils followed the same general trend as the loss 
on ignition, that is, where the loss on ignition was 
high the total nitrogen was also high. The loss on 
ignition Indicates roughly the amount of organic matter 
and the organic matter content of a soil is in general 
•54« 
rxapiffl 8 
Relfltlon of , ^ 2^5» s^id M.K. PxchRngeable 
t^fisea In Some Iowa ^olls 
56 
40 — 4.0 
32 
— 1.6 16 
pir^ent p2o5 
M.b. Kxchr.ngeable Bases 
oils r» . ^ 
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• fair Indicator of tba nitrogen aupply* 
The nitrate content of theae aolla waa hlghaat 
In the Webster allty clay loaoi and lowest In the Clarion 
loam. The K2O content varied from 2.46 per cent In the 
Tama a lit loam to 1.28 per cent In the Clarion loam, 
while the HagO content waa hlgheat In the Grundy allt loam 
and lowest In the Tama allt loam* ThB Tama allt loam waa 
the only «oll which had a higher K2O content than HagO* 
The Webater allty clay loam waa the only soli with a pH 
aa high as 6.16, all of the other soils were acid, the 
QxMmdy allt loan being most acid and having a pH of 5»40« 
The Webster allty clay loam contained 45.60 per cent 
colloidal material while the Clarion loam and Carrlngton 
loam were the lowest, each contalnlzig 35.60 per cent* 
The Webater allty clay loam contained 7.33 per cent total 
carbon which waa three tlmea higher than the amount 
preaent In any of the other aolls. The carbon and nitro­
gen varied directly with the loss on ignition. 
The relationahipsof total carbon, nitrogen 
and phosphortu are shown graphically in figure 3. The 
carbon-nitrogen ratio was calculated and is shown in 
table IV. The Webster sllty clay loam had the wideat 
ratio and the Shelby loan had the lowest. The 0.002 M. 
Fiouas 9 
Relation of Kitrogen, Carbon, and Phosphorus in Some Iowa Soils 
0.36, 
-a 
0.16 —o 
Soils 
-57 
RgS04-aoluble phosphorus was determined and is shown 
in table IV, The soluble phosphorus apparently was not 
correlated v/lth the total phosphorus present In the 
soil. Figure 4 shows bhe relation between SlOg* ^2^3* 
and the soluble phosphorus. The phosphorus content 
varied directly with the per cent R2O5 and inwersely with 
the Si02« 
The V/ebster sllty clay loom contained 1.03 per 
cent of inorganic carbon and the amount of this element 
foxind in the other eight soils was so small that It was 
regarded as a trace* 
Robinson (61) analyzed a nuniber of soils from 
the midwest and found that they differed widely in com­
position. His results agree very closely with those 
secured here. 
Analyses of Soil Extracts 
In the study of the soil extracts the same 
soils were \ised as in the preceding work. It was thought 
that the analytea of the soil extracts might show rela­
tionships between the extracts and the corx^spondlng 
soils. Such correlations could be used as indicators 
of soil types. 
FZaORS 4 
Relation of Silica to the Seaquloxldes and 0.002M U2SO4 
Soluble Phosphorus in Some lour a soils 
80 
100 
60 
60 
40 
20 
20 
3102 % 
r2o3 f, 
p.p.OS. of phosphorus 
Soils 
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Methods and Results 
Various meUioda Tor obt&iniiig the soil •olutlon 
were tested* inoludlng a modification of the method used 
by Briggs and MoCall (14) in 1904. These investigators 
used a porotis porcelain tube buried in the soil and con-
nectod to a flask which had been partially evacuated 
tinder a vacuum pump. The modification used in this work 
consisted in o Pasteur-Chnmberlaln filter buried in the 
soil and connected by meuns of heavy-wallad pressure tubing 
to the intake suction line of a six-cylinder automobile 
engine. It was found that the vacuum produced by the 
engine was much gz*eater than could be obtained from a 
flask partially evacuated. Appreciable quantities of 
the soil solution could be obtained only when the soil 
had a moisture content of 20 per cent or more. The so­
lution obtained in this manner was of doubtful value 
because of the absorption of phosphorus by the filter* 
Another objection to the method was that the solution 
obtained was probably only the excess moistiire found in 
the soil* which upon analysis was found to contain 
negligible quantities of minerals. This method was 
finally discarded in favor of the 1:5 water extract 
method proposed by tioagland, Martin and Stewart (39) 
in 1980. They recommended placing the soil in water 
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in ft flaak andl ahalcing for two to throe hcurs, after 
which tine the mixture was allowed to stand for one week 
then filtered. In tMs work 100 gram aaaples of air 
dried soil were plaeed in qiuirt milk bottles and 500 oe. 
of distilled wster added to eaeh. This mixture was 
plaeed in an end-oirer-end shaking machine and run for 
5 hours, then let stand for one week to allow for 
equilibrium to be established after which the supernatant 
liquid was siphoned off and filtered. In filterlxig these 
solutions some difficulties were encountered. The solu­
tion when filtered through an ordinary filter paper did 
not come through clear. It was then filtered through an 
asbestos mat prepared on a Btlehner funnel but this also 
f si led to yield a clear extract. Pastour-ChaM>erlain 
filters gsTe a clear solution, but due to the ab8orpti<m 
of some Ions by the filter this method of filtration was 
discarded. Collodion sacks were tried and found to give 
« clear extract but this method was too time consuming. 
Finally, the mixture was filtered throu|^ Jena-glass 
filters. These filters yielded a clear solution from some 
of the soil-water Bdxtui>es, but for others it was opaque. 
For the latter soil-water mixtures it was necessary to 
place a filter pad composed of finely mascented and 
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waahed filter paper on top of the Jena-glaas filtera to 
get a clear extract. The suggestion for the xmifornity 
of data in soil solution analyses as outlined by Bollen 
and Neidig (8) eagqployed the use of nilligram-equivalents 
of eleoenta per liter. This was not used in the follow­
ing analysis because the preceding analyses of soils 
were based on percentage. It was desired to compare the 
analytical data trom both the soil and soil extract 
studies, therefore, the percentage of constituents was 
used throughout this work. Table V glTes the analysis 
of the 1:5 water extracts prepared from the nine Iowa 
soils used throughout this work* 
The Si(^ content of the extracts from these 
soils was very small and in the ease of the Webster soil 
no Si02 was found. 
The Webster silty clay loam contained the lowest 
sesquioxide content wliereas the Clarion loam and Tama 
silt loam were highest in this constituent. Ho relation 
seemed to exist between the amount of Si02 and R203 
extracted in the water and the total amount of these 
constituents found in the soil. 
The Webster silty clay loam which was highest 
in total calcium did not contain the most water soluble 
calcium. The Carrin^ton loam contained 0*51 per cent 
TABLE V 
ANALYSIS OP SOITR IOWA SOIL EXTRACTS 
: Percentage Coaposltlon 
Soli Types t : : : : : t 
: SiOo 1 ROO.H : CaO : UgO : PoOR : HQs : KoO t RasO \ \ pH 
Shelby loan 0.10 0.14 0.28 0.09 0.00 0.08 0.01 0.07 5.82 
Webster silty elay loam 0.00 0.03 0.33 0.30 trace 0.13 0.01-t- 0.10 7.21 
Tama silt loam 0.09 0.40 0.31 0.25 0.00 0.05 0.01-t- 0.04+ 6.48 
Onmdy silt loam 0.04 0.21 0.34 0.11 0.00 0.06 0.01- 0.04- 5.26 
Marshall silt loam 0.09 0.26 0.37 0.14 traoe 0.03 0.01- 0,04- 6.48 
Clarion loam 0.12 0.42 0.36 0.14 0.00 0.03 0.01- 0.04- 6.59 
Clinton silt loam 0.22 0.13 0.46 0.26 0.00 0.04 0.02- 0.03 6.34 
Carrin^on loam 0*01 0.20 0.51 0.13 0.00 0.02 0.02-I- 0.03-1- 6.83 
Garrington ailt loam 0.03 0.06 0.33 0.26 traoe 0.03 0.01+ 0.03- 7.01 
i l/J ^ -•A: f' 
/ 1 y It-iy] ;/-/ 
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oaleium In the water extract which waa almost as nmch 
calclxun os was found in the soil* The Shelby losn con-
taiaad the lowaat aoount of calciuoi in the water extract. 
The Webster silty clay loam contained the 
highest content of HgO and the Shelby loam the lowest. 
The Webster silty clay loam, the Uarshall 
silt loam and the Carrington silt loam contained only 
a trace of P2O5 in the 1:5 water extract* All of the 
other soils failed to gire any indicaticms of the 
presence of water soluble phosi^orus* The nitrate deter-
miziation made on these water extracts failed to give the 
same results as were secured when the nitrates were 
detexnined on the soils* This might be ejqplalned by 
the fact that these soils were shaken with water for 
three hours and left to stand for one week during which 
time conditions might have been favorable for denitri-
fication* 
The KgO content of these extracts was very 
low, ranging from 0*01- per cent to 0*02<f per cent* The 
sodium content was considerably higher than that of 
potassium, rmging from 0.03- to 0*10 per cent* 
The of the extract at the Webster silty 
clay loam was 7*21 which was considerably lower than 
the pfi of the aoil. The water extract of the Carrington 
•64* 
silt loa« gave a pH of 7.01 viil^ was hi^hBr than ths 
pH of the soil* Why an acid soil should give a water 
extract with a higher pH than the soil Itself cannot be 
satisfactorily explained at this time. The extracts of 
all of the othsr soils were acid In reaction. 
Effect of Varying Soll^l^ater Ratio on the 
Amount of Soltible Salt Extracted 
Many investigators have reported on the 
amount of soluble salts dissolved out of soils by 
different soll«water ratios. It has been said that all 
water extracts of soils contained mors soluble minerals 
than the true soil solution as found in the soil. This 
woik was carried out to detemine the relation between 
the amount of soltible salt dissolved and the ratio of 
soil to water. 
Table VZ shows the amount of soluble salts ex­
tracted by various dilutions of water from these soils. 
TbB dilutions were 1:5« 1:10, 1:20, 1:40 and 1:80. The 
soil and water '•ixtures were shaken for three hours 
and allowed to stf.nd for one weelr, after lAilch they 
were filtered. Fifty cc. portlona from each of these 
clear extracts, sampled in duplicate, were placed in 
tared porcelain crucibles, evaporated, cooled and 
welj^ed. The water-solii>le salt contents per 100 grams 
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TABLE VI 
SOLUBLE SALTS EXTRACTED BI VARIOUS DILUTIONS 
OP WATER PROM SOME IOWA SOIIS 
: OMUBS par 100 ftm* ot a oil 
Soil Typea < 1:5 : 1:10: 1:50; l;40i 1;80 
t ; i t : 
Shelby 1o«m 0.067 0.104 0.140 0.240 0.568 
1 
i 
Webster ailty olay loam 0.116 0.181 0.260 0.404 0.624 
Tama ailt loam 0.057 0.086 0.101 0.160 0.208 
Grundy ailt loam 0.050 0.066 0.084 0.080 0.080 
Marahall ailt loam 0.069 0.108 0.188 0.280 0.432 i 
Clarion loam 0.069 0.106 0.160 0.216 0.552 < 
Clinton ailt loam 0.071 0.120 0.152 0.208 0.584 
Carrington loam 0.097 0.132 0.176 0.304 0.432 
Carringtcm ailt loam 0.047 0.064 0.084 0.064 0.064 1 i
i 
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Of aoll wore eeloulated. The soluble salt content Increased 
In all soils from the 1:5 water extract through the 1:20 
water extract* In the higher dilutions all of the soil 
extracts showed higher soluble salt content except the 
Grundy silt loam and the Carrington silt loam which de­
creased in the 1:40 and the 1:80 water extracts* The 
results are shown graphically in figure 5* 
The square root of the ratio of Tolume of solu­
tion to weight of soil was plotted against the amount of 
soluble salts extracted and it was found possible to 
connect these points for the five dilutions for each soil 
by a straight line* The slope (M) of the line was deter­
mined* The magnitude of the slope of the line for the 
different soils was highest for the Webster silty clay 
loam and next in descending order were Marshall, Shelby* 
Tama and Grundy* These data indicate that each soil has 
a characteristic solubility of salts, and in this case 
the solubilities were all different* 
Conductivity of Soil Extracts 
Electrical conductivity measurements were made 
on the 1:5 water extracts from each of the nine soils to 
determine what relationships if any existed between the 
oonductlTlty of the extracts and the total salt content, 
as shown in the analyses of the soil extracts* 
0.7 
Solu )le Salts ixtraoted by Varlo' 
'"ater from Somo Iowa r>o 
IS Pllutlons of 
.Is 
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0.5 
r4 
•r-l 
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co 
0.4 
§> 
o 
o 
rH 
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o. 
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0.1 
t1c75= ^1:10 rw V 1 :'80 1:40 Bilutions 
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Fixidla7*8 (28) outllzie of ooxuiuotivity aeasure* 
ments for the various solutions was used In determining 
the specifio conductivity of the various soil extracts. 
The specific conductivity of these lt5 water extracts was 
determined and the results are shown in table VII* 
The conductivity of the Carrington loam 
extract was highest end that of the Marshall silt loan 
the lowest. The data secured in this table do not 
show a correlation exiating between the conductivity 
•easureaents of the soil extract and the water solvible 
salt content as determined by chemical analysis. 
Discussion 
These physical and chemical studies of soils 
have given data which indicate that each of the soils 
and their water extracts may be characterised by composi­
tion. The ratio, and the CsM ratio varies for each 
of the soils and if properly interpreted, and based on 
sufficient analyses, might give indications of soil type. 
However, the analysis of only one sample of each of these 
soils is not sufficient to give conclusions as to soil 
type. If it was sufficient then when a soil analysis 
showed it to have very nearly the same quantities of the 
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•I'ABLE VZI 
SPECIFIC COMDUCTXVITY OF SOME 
IOWA SOIL EXTRACTS 
: 
Soil Types : Hhos 
: 
Shelby loaa 8.05 z 10"^ 
Webster allty clay loam 2*55 x 10*^ 
Tama ailt Icaoi 1.40 x 10*^ 
Qmndy silt loam 7.82 x 10*^ 
Marshall silt loam 9.42 x lO'^ 
Clarion loam 1*46 x 10*^ 
Clinton silt loam 8*54 x 10*^ 
Carrington loam 1.26 x 10*"® 
Carrington ailt loam 2,16 x 10*"5 
90-
saao eonatltuenta as one of theae aolla^ it could be 
celled the aame soil type. Of course» the hlatory of the 
aoll, the formation, the geological characteristics, the 
treatment end the like should be known and considered in 
the classification. 
The f oxir soils studied in the preliminary work 
Aowed that nost of the organic matter (excluding unde-
composed organic matter which could be screened out) was 
colloidal in nature. The total colloidal content of these 
soils varied from 20.60 to 45*60 per cent. In most of 
the soils fxH>m 0.1 to 0.05 of the colloids present were 
organic* 
The analysis of the soils and their water 
extracts did not show any very definite characteristics 
common to both. The K2O content of these soils indicated 
that all of the soils had an ample supply, however, 
additions of KCl might be beneficial. This would depend 
on the way the potassium is held in the soil and on the 
needs of the crop. The Iia20 content was highsr than the 
potassium, and was thought to be sufficient for soil re­
actions and plant food supply. The organic matter and 
nitrogen were high in the Webster silty clay loam soil, 
as would be expected from the characteristics of the 
Webster soil. Electrical conductivity measuronents of 
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the Tarious vater extracts did not show a dlreot corre­
lation between water sellable salts and the conductivity* 
Varying amounts of salts wex^ extracted from soils by 
varying the ratio of soil to water* In most cases when 
the soiliwater ratio was wide the most salts were found 
to come into solution* 
B^SE EXCHANGE RELATIONSHIPS 
The exchangeable bases of each of these soils 
were determined to find what relationship if any exists 
between the exchange constituents, the water solixble con­
stituents, and the total soil constituents* It seemed 
desirable to determine to what extent the salts dissolved 
out by the 1x5 water extract irepresent the exchazigeable 
bases and also if the exchangeable hydrogen is indicated 
by the pH of the soils or the soil extracts* For many 
years it has been assumed that there is a relation between 
colloids, silica, iron, and alumina content and the base 
exchange properties of soils* Kerr (47) and McOeorge (51, 
52) found definite relationships existing between the 
organic carbon content of soils and their exchange capacity* 
Their work showed that the <»*g8nic fraction of the soil 
is one of the most important to be considered in base 
exchange reactions* It was also Aown that the replaoenent 
capacity for bases in soils increased with the successive 
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stages of decomposition of organic natter present. 
Methods and Results 
Prlanlschnikow (61) In 1913 Txsed a two-molar 
solution of aramonlum acetate for the estimation of 
exchangeable potassiuu in soils, lie considered this the 
most satisfactory salt for the purpose, especially beoatise 
it was easily decomposed by evaporation upon a steam bath 
leaving only a slight residue of acetamide which might be 
volatilised at a slightly higher temperature or destroyed 
by digestion with aqua regia. 
Later» Bray and Wilhite (13) suggested that the 
total replaceable bases of a soil could be determined by 
titrating the carboxiates or oxides formed after heating 
the ammonium acetate solution which had been leached through 
the soil. Chapman and Kelley (25) esqserieneed difficulties 
in determining replaceable calcium in calcareoiis soils. 
They obtained the best results when a sodium chloride solu­
tion was used as the leaching agent in calcareous soils. 
Kelley (44) estimated that from 75 to 90 per cent of the 
replaceable bases are calcium, about 10 to 15 per cent 
magnesium and only a S9u.ll per cent, potassium and sodium. 
Schollenberger (69) i*eported on the advantages of smmonium 
acetate over ammonium chloride and barium chloride in base 
exchsnge studies. Ammoniixm acetate is a "neutral" salt 
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aod la ft good buffer vAien the reaction is around the neutral 
point* fie suggested that a nornal solution of amtnonluw 
acetate at a pH of 7*0 is a good solvent for all the bases 
which might be important in soil work. 
Later, Sohollenberger and Dreibelbis (71) pro­
posed the ammonium acetate method for leaching and deter­
mining the exchangeable bases in soils. This method was 
followed in the work carried on In this experiment. 
Difficulties were encountered in tha determination of 
exchangeable calcium in the Webster silty clsy loam. Huch 
too high a content of exchangeable calcium was secured 
when compared with the total exchange capacity of the soil. 
Hence, a suggestion given by Kelley and Brown (46) was 
followed. This involved a second leaching of the soil 
by a neutral solution of ammonium acetate adjusted to a 
pH of 7.0, subtracting the calcium found in both solutions, 
•TMi the difference was assumed to be the exchangeable cal­
cium. This procedure proved satisfactory. 
The total exchange capacity of the soils vas 
measured by leaching the soil with ammonium acetate solution, 
then with alcohol to remove any excess of ammonia which 
might be present. The soil was then tx*ansferred to KJeldahl 
flasks, calcium oxide and 250 cc. of distilled water weM 
added. This was boiled and the distillate collected in a 
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knoim ancmnt of standard sold, which was titrated with 
standard allcall and the mllllgrais-equl'Talents of tho sxohange 
capacity calcu).ated. 
The exohsngeabls hydrogen was determined by an 
electroaaetric titration method. The pH was detemined on 
the leacdiate from the soil and known amounts of a standard 
solution at amaoniua hydroxide were added and stirred by 
mesns of a motor with the pH reading being taken after each 
addition until the pH was greater than 7«0» Tte pH values ^ 
obtaizksd after the addition of the various amounts of the ^ 
ammonium hydroxide solution weire plotted on a graph agaixiat \ 
the eo« of ammonium hydroxide and from the point where the 
pH of the leaehate oxHMsed the pH of the original leaehix^ 
i 
solution the exchangeable hydrogen was caloulated. The \ 
results, obtained are given in table VIII* 
Th^ ex^ange capacity of the soil, the exchsnge-
able hydroeen, exohangeable bases» per cent saturation of 
bases, potaeaiuai, caloiuBi, and sodium were deterodned on 
eaeh soil* All of the results are expressed In milllgram-
equivslents per 100 grams of soil* 
The exchange capaeity of the Webster silty olsy 
loam was S4«3 milligraisoequivalenbs whereas the Marshall 
silt losm had m exchange capaeity of £8«8 milligram-
equivalents, the Clinton silt loam 27*0, and tiie Carrington 
loam was lowest with 18.1 mllligran-equlvalents* 
TABLE VIII 
EXCHAMOEABLE BASES IH SOME IOWA SOILS 
: M»E» per 100 graa of •oil 
:&cta&iigetBxoliajige>iEzenuigo-tPotAsaium:CaleluBiiSodiumiPereent 
Soil Types :Capacityzable table t : t jSaturation 
: I Hydrogen xBaaea t t t :of Baaea 
Shelby loam 20.90 6.83 14.07 0.66 10.01 4.46 67.32 
Webster silty olay loam 34.30 3.06 31.24 1.33 26.44 3.07 91.08 
Taaui silt loaa 20.40 6.73 13.67 1.33 10.00 2.79 67.00 
Grundy silt loaa 19.90 6.93 1J>.97 1.21 9.96 2.34 65.18 
Marshall silt loam 28.80 6.53 PP.27 1.26 17.41 4.50 77.32 
Clarion loaa 18.60 5.63 12.87 0.71 11.02 2.35 69.56 
Clinton silt loam 27.00 7.32 19.68 0.66 14.43 4.91 73.29 
Carrington loaa 18.10 6.93 11.17 0.64 7.48 3.70 61.71 
Carrington ailt loaa 18.60 7.00 11.60 0.67 7.94 3.50 62.36 
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It has been reported that the organic matter 
content and the exchange capacity of soils are closely 
related. This was found to be the ease in this work as 
shown In flgiire 6. The loss on Ignition very nearly 
paralleled the exchange capacity* The carbon-nitrogen 
ratio varied the samo as the loss on Ignition and the 
exchange capacity but this ratio did not vary as niach for 
the different soils as did the loss on Ignition and the 
exchange capacity* 
The Webster sllty clay loam contained the 
smallest amount of exchangeable hydrogen and the Clinton 
silt loam the largest amount, 3*06 and 7*52 M.E., respec­
tively* The relationships existing between the pH of the 
soils and soil extracts to the exchangeable hydrogen in 
the soils are shown in figure 7* It will be noted that 
the pH of the soils and of the soil extz^acts varied almost 
direetly, that is, the lines almost paralleled one another* 
The milligram-equivalents of exchangeable hydrogen plotted 
on the same figure shows an Inverse relationship* Whex<e 
the exchangeable hydro/ron is high the pH values tend to be 
low, however, this is to be expected because with an acid 
reaction there shoald be the most exchangeable hydrogen* 
The ex<fliangeable bases in the soils were calcu­
lated from the total exehan :e capacity and the exchangeable 
hydrogen* The exchangeable bases were found to be highest 
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in the Webster sllty clay loam, 31.4S nllllgram-
equlvalentsy Uarshall silt loan was next vith 22.27, 
and Carrington loam had the least with 11.07 milligram-
equlYalents. If the organic matter is as important in 
base exchange reaction as has been claimed, then the 
milligram-equivalent of exchangeable bases should show 
some correlation with loss on ignition determixiations. 
This comperison was made and is shown on figxire 8. The 
loss on ignition and exchnngoable bases pnralleled one 
another very cloaely. In both ol chuse determinations 
three of the nine soils studied stood out as being high. 
They are the Webster silty clay loam, the Marshall silt 
loam and the Clinton silt loam. Agricul torally, all 
three of these soils are productive. 
The potassium content of the soils varied 
considsrably with the Webster, Tama, Orundy and Uarshall 
soils ha.vixig over 1.2 milligram-equivalents of exchangoable 
potassium. The other five soils ranged from 0.64 siilligram-
eqaivalents to 0.71 milligx*am-equivale&ts of exchangeable 
potassium. All of the soils yielded enough exchangeable 
potassium to suoply olant food needs. However, beneficial 
results have been secured on some of these soils from 
muriate of potash treatments, this is so with 
this high available or exchangeable content of potassium. 
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cannot be said. It was thought that there might be 
some correlation between the milligram-equivalents of 
exdiai^eabile potassium, the per cent potassium in the 
soilsy azid the per cent potassium in the water extracts* 
Due to the fact that all of these base exdtiangs deter­
minations show the elements and not the oxides of the 
elements as are shown in the chemical analysis of the 
soils and their water extracts« the oxides were re­
calculated on the >>9818 of the elements and are shown 
in table IX as the per cent of potassium, sodium and 
calcium and the milli^am-equivalents of these three 
elements* 
The relationships of the calcium in the soils 
and in the soil extracts to the exchangeable oaleium in 
the soils are shonm in figure 9* The only sisiilarity 
in regard to these three calcium determinations is found 
in the Webster silty clay loam whex>e the calcium tends to 
be high in every esse* Figure 10 shows the relations 
existing between the total potassium in the soils and in 
the soil extracts to the exchangeable potassium. In this 
case no correlations were observed. 
The relation of total sodium in the soils 
snd soil extracts to the exchangeable sodium are shown 
in figure 11. Again no corrolfitlons were observed be­
tween the sodium in the soil or in the soil extract 
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TABLE IX 
THE POTASSIUM, SODIUM AND CALCIUM CuiITENT OF 
sH« is. tPoip cent :Per cent :H, £• 
zExchonge :Pottaslum tPotassiixntExoha 
Soil Types :Potassltua:in Extract tin the sSodiv 
? ? iSoil I 
Shelby loam 0.66 0.0083 1.53 4.4 
Webster silty olay loan 1.33 0.0083 1.37 3.G 
Tana silt loan 1.53 0.0083 2.04 2."3 
GxMXuly-allt loam 1.21 0.0083 1.84 2.2 
Marshall ailt loam 1.26 0.0083 1.41 4.E 
Clarion loan 0.71 0.0083 1.06 2.2 
Clinton ailt loam 0.66 0.0166 1.66 4.S 
Carrington loam 0.64 0.0166 1.16 S.l 
Carrington ailt loam 0.67 0.0083 1.51 3.S 

• 
ooooooooo 
•  •  «  •  •  •  * • • ' •  
ooooooooo 
to to to to to ro w ^  oi (O to to (D «(> ID O to 
M M M M M r a M M M  
•  • • • • • « • •  Q> <4 (O0> O 01 00 Ok 
a> O Oi M A H «to to 
M M M MtOM 
^-4il^M^0090 
•  • • • • • • • *  
ooooooooo 
« • • • • • • « 0 
52SfiK52as??5^i Ql <n u c/i ot ilk r [SSI 
ooooooooo 
•  • • • • • • • •  
. oi-a-"a oi s 
A H H  1014^01 CD 
I? 
oa?*^ •t ft » 2.2 ff 1 
S S o  
• • M M  
|8J 
I? 
K* CO »fl 
"gs 
3 »« s 
tr 
t 
o 0  9  »  
. »•< 
'tl; 
ogm 
c*!' 
O &H 
II 
«« w 
8^ 1 
s 
ef 
o^t 
&« 
•to 
a 
OS t*Q •t 
o t i  m •  
»* p»« 
Mcto i*o f 
w 
Q 
t! g s 
o 
c 
CO p 
ca 
s 
s 

FIGURE 9 
Relation of Total Calcium In ttie Soil and soil 
hJctract to the hxohungeahle Calcium 
—— % Calcium in 
Soil Extract 
—• M.E. Excnangeable 
. Calclvun 
% Calcium In the Soil 
32 
28 0,55 
24 0,30 
' 
0 • 25 iH 
0.20 ^  
0,15 
8 0,10 
0.05 
soils 
-84-
pigure 10 
Relation of Total Potassium in the 5'>oil and 
Soil Kxtract to the Kxchunr.eable Potassium 
2.00 
1.75 
rH 
O.OU » 1.25 
-I£ O.OIJ 1^1.00 
0.01' 0.75 
O.Ou 0.50 
<< rotfisaium in the Soil 
v.v, ^xchnnfTftBhle "otaaalum 
i'otasaiufii in :;oll hxtract 
0.00-
r.olls 
-85-
PTaTTPy n 
Relation of Total Sodiixm In the Soil and Soil 
Extract to the Exchangeable Sodium 
- 0.08 
5 -
/ 
0.07 
0.06 
0.05 I 
j 
0.04 • 
0.03 
. Fxchangeable Sodlvun 
'^Ofilum In '^.oll Fxtract 
A Sodium in ^cil 
— 0.01 
1 
5 
Soils 
-86 
and the exchangeable sodium in the soil* 
Apparently there was no relation between the 
calcium, potassium and sodium as extracted from the 
soil in the 1|5 water extract, the exchange calcium, 
potassium^ and sodium and the total calcitun, potassium 
and sodium In the soils studied. 
Discussion 
The exchange properties of nine Iowa soils were 
studied to determine what differences might be attributed 
to each indlTidual soil type. The total exchange capacity 
exchangeable hydrogen, exchangeable basea, such as calcium 
potassium and sodium were determined on these nine soils. 
1. The Vtebster silty clay loam had the 
greatest exchange capacity, and also the greatest exchange 
able base content, both apparently having some relation to 
the organic matter present in the soil* 
2.,All of the soils showed a relatlTely high 
content of exchanReahle calcium, with the Webster silty 
clay loam considerably hl^^her them any of the oHiers. 
3. The exchangeable potassium and sodlm was 
hi^ in all nine of the soils. 
4. In general there were no apparent differ­
ences peculiar to any particular soil type, except the 
Webster silty clay loam, which gave strikingly higher 
results in most of the exchange reactions. 
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BACTERZOLOOICAL IMPORTANCE OF THE SOIL 
SOLUTION AND COLLOIDS 
Methods and Reaulta 
Very little work of any importanee has been dozie 
to show the effect of the soil colloids or the soil solu­
tion on the growth of microorganisms* It was considered 
probable at the beginnixig of this work that the soil 
colloids might aet as the natural habitat for both the 
aerobic and anaerobic organisms found in the soil. If 
such were the case, the soil solution might provide 
nutrients for the organisms. In some preliminary studies 
colloidal material was seoorated from the Webster sllty 
clay loam soil, kept moist and used in different cultural 
media on which the following organisms were grown: 
Rhigobium leguminosamm. Bacillus radiobacter, and Axoto-
bacter chroococcum. The various media and their conposi-
tion are shown in table XII. 
Mixed cultures of anaex^io organisms were 
isolatad fx^m the Webster ailty olay loam and grown in 
mizturev of colloids plus dextrose, soil plus dextz^se, 
sterile colloids plus dextrose, sterile soil plus 
dextrose, sterile soil and sterile colloids. Growth 
was measured by gas production azui this was determined 
by the Baroroft differential manometer. 
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TABLE XII 
MEDIA USED IN OROVaNO CUI/TUHES 
raiUM lA 
Rhlzoblum legiaalno3arum 
and 
•bacillus radlobacter 
A g a r *  • • • • • • • • • • • • • • •  1 5 * 0  g m «  
Colloid (Soil) 2.0 gm« 
K 2 H P O 4 •  • • • • • • • • • • • • • •  0 * 5  
llgS04.7H20 0.2 gn* 
NaCl 0.1 gm. 
CaCOs S.O gm. 
Yeaat water (pH 6*8) 100.0 oc. 
Distilled water •••••••••• 900.0 oo. 
MEDIUM 2A 
Rhizobium leguminoaarua 
5K8 
Baeillua radiobacter 
Mediua lA........ 1000.0 ee. 
Mannitol 10.0 gm. 
UiLDlUM 1 
Azotobacter chroococcum 
Agar. 16.0 (ya. 
Colloid (Soil) 2.0 gm. 
K2HPO4 0.5 gm. 
MgS04.7H20. 0.2 gm. 
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TABLE XII (Cont.) 
Nad 0.2 0a. 
M x i S 0 4 . 4 H s O .  • • . • • • • • . . . •  t r a c e  
FeCl3.6H20 trace 
Distilled water *.*• 1000.0 cc. 
MiiiDIUIi 2 
Azotobacter ohroococeun 
Medium I...1000.0 ce. 
Maxinltol 10.0 gn. 
MEDIDM S 
Rhigoblxan legmninoaaruin 
Bacllltts ra^obacter 
Agoiobacter ehroococeuiit 
Agar. 15*0 gat. 
Colloid (Soil). ..... 2.0 0B. 
Distilled water 1000.0 cc. 
MFDIUM 77 
Azotobacter chrooeoccum 
Agar. 15.0 gm. 
M a n n l t o l .  • . . • • • • . . . . • •  1 0 . 0  g p i .  
K2HP04 0.5 gm. 
MgS04.7H20 0.2 gm. 
Nad. 0.2 gm. 
l(nS04.4]^0. trace 
FeCl5.6%0. ••..... trace 
Distilled water 1000.0 cc* 
••90' 
TAbJUi: Xll (Cont.i 
MEDIUM 79 
Khleoblua leyaalnoafcrma 
ana 
Baoillus radlobaeter 
Agar. 15.0 gm. 
Mannitol. 10.0 ga, 
K2UPO4 0.5 gm. 
MgS04.7H20 0.2 gn. 
MaCl 0.1 gn. 
CaCOs 3.0 gm. 
Yaast ivater (pR 6.8) 100.0 oc. 
Distilled water .«... 900.0 cc. 
MEDIUM X 
Khlzoblum lefj^lnosarxxm 
Bacillus raalobacter 
Azotobacter chroococcum 
Agar. .. 15.0 
Distilled water 1000.0 co. 
MEDIUM XX 
RMzobium legjarinosamm 
^cillua raaiobacter 
Azotobacter cbroococctm 
Agar lE.O gm. 
Yeast water (pH 6.8) 100.0 cOi 
Distilled water 1000*0 cc. 
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The first pert of the work oonalsted in observ­
ing the growth of colonies of Rhigobium legmdnosarum. 
B»cilltta radiobacter axid Aaotobacter ohroococcua on the 
various media. The procedure consisted in pouring t2ie 
sterile medium into sterile petri dishos and inoculating 
with one cc* suspensions of pure cultures of the 
organisms. These petri dishes were then incubated for a 
period of 7 days anA the mmber and appearance of colonies 
recorded. 
The mixed cultures of anaerobic organisms 
were obtained by sucking medium inoculated with the soil 
suspension into sterile glass tubing of about 1 nm. 
inside diameter and 30 cm. long after which the ends were 
sealed and the organisms weire allowed to incubate for 2 to 
4 days at rocoi temperature* Bubbles appearing in the 
tubes after this incubation period were considered to be 
due to gas produced by anaerobic or facultative anaerobic 
organisms. When a culttire was needed these tubes were 
broken open and a suspension made from the liquid-like 
globules and this suspension was used for all of the 
anaerobic work. 
The rosults in table XZII show the effect of 
soil colloids on the grofith of pure cultures of RhisobitM 
legaminosarum, bacillus radlobaoter and Agotobacter 
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TABLE XIII 
SOIL COLLOIDS AS OTTOITHiTS FOR 
JiACTi£iiI/iL DiiViiLoPLiiiiiT 
; Organisms 
Medium Used:Rhlsol)liaB :Baclllus :Azotobaoter 
; leguaalnosaruB: radl obac ter t ehroococ ctm 
lA +++ +++ 
2A ++•••++ +H T + + 
1 ++++ 
2 ++ ++••• 
5 ++ ++ ++ 
79 +•»•+ +++ 
77 +++ + 
X + + 
XX + •¥ + 
Key: 
- plate completely overgrown 
In 7 days 
-t-i-t-h • plate well covered with colonies 
In 7 days 
+++ - about half of plate covered 
In 7 daya 
++ - a fow sc«»tt«red colonies 
4 - aomo growth 
'93" 
chroococcim. The relative amoimt of growth made by each 
of these organisms is shown hy 4- signs. One -t- sign was 
used to designate some c^owth, two signs designated a 
few scattered colonies; three showed about half the 
plate covered in 7 days; four showed the plate well 
covered in 7 days, and where five signs were used the 
plates were completely overgrown in 7 dsys. The meditim 
first used was called Ho. lA and was used for Hie 
Rhisobiuai legiminosaruM and Bacillus radiobacter. It 
differed from the regular medium on which these organisms 
are grown only in the mannitol content. In this medium 
2 grams of soil colloid were \xaed in place of the 10 grams 
of mannitol used In each liter of medium prepared. This 
medium promoted good growth in the organisms as was indi­
cated by the fact that the plates were well covered with 
colonies after 7 days» growth. 
The medium designated as 2k was used for the 
same organisms. It differed from medium lA In that 
10 grams of mannitol were added to each liter of the 
solxxtion. The organisms responded best to this medium, 
completely overgrowing the plate in the 7-ds7 period. 
The results obtained from the use of these two media 
wovLld seem to indicate that the colloids are capable of 
supplying some of the xmtrlents necessary for the growth 
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of these two orgsnisms. The medium designated as No. 1 
was used for growing a pure culture of Asotobaoter 
chrooooccum. It differed from the regular medium recom-
laended only in that it had 2 grams of soil colloid per 
liter of medium in place of 10 grams of mannitol. The 
results show that it gave a very satisfact0x7 growth of 
the organisms* 
lledi\ui 2 consisted of 1000 cc* of medium 1 
plus 10 grams of mannitol. Orowth on this medium was 
better than on medium 1, but the growth cf Azotobacter 
was very good on both of these media. 
Medium 3 contained only 15 grams of agar and 
2 grams of soil colloids per liter of distilled water. 
This laedlum was not enriched by any nutrients other than 
those found in the colloids snd agar. All three organisms 
were grown on this medium but only a few scattered colonies 
developed in each case. 
It has been claimed by some investigators that 
agar eontains enou£pi nitrogen and possibly other minerals 
to support a fair growth of these organisms. Tterefore^ 
it was considered desirable to test tl^ growth of these 
organisms when only agar and distilled water were used 
In the medium and when only agar» yeast-water and dis­
tilled water were tised. It was found that the growth of 
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all the organlsma on these two media was very slight 
and in some cases negligible* The ordinary culture media 
prescribed by Fred and Waksman (29) for these three soil 
organisms were tried for comparison with the agar and 
yeast-water agar media. The organisms did not make as 
good growth on thn ttrescrihed media as they did on Uie 
various media in which the soil colloids and the mannitol 
were used. From these results it would seem that the soil 
colloids are of real benefit to the gpowth of organisms 
in the soil* Probably these colloidal particles offer 
the moet nearly optimim conditions in the soil for the 
growth of the organisms and no doubt the organisms may be 
fouzid clustered around the various minute colloidal 
particles* The fact that the base exchange complex is 
closely related to the colloidal matter shows that the 
colloids and the solution surrounding the colloids may 
be very stimulating both to the aerobic and anaerobic 
bacteria* 
The gas production by a mixed culture of anaero­
bic organlsma inoculated into a medium containing colloids 
and dextrose and one containing soil and dextrose in shown 
in table XIV* In both cases dextrose was added at the rate 
of one per cent and the gas produced by the organisms was 
measured at various interrals in millimeters of pressure 
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TABLE XIV 
OAS PKODUCTION ECC ANAHROBES 
1 t 
Tiiae In Hours: Collolda -f Dextross : Soil -t- Dextrose 
: 
IBB. mn. 
0 0.00 0.00 
0.25 0.30 
1.00 0.44 
1.49 0.46 
4 1.99 0.50 
2.35 0.50 
2.74 0.51 
3.00 0.60 
8 3.27 0.85 
3.70 0.64 
3.95 0.65 
3.92 0.65 
12 4.16 0^87 
4.12 0.70 
4.60 0.90 
4.65 1.00 
16 4.75 1.25 
4.95 1.01 
5.25 0.95 
5.00 0.97 
20 5.15 1.15 
5.30 1.15 
5*36 1.20 
6.48 1.35 
24 5.50 1.37 
5.s0 1.45 
5.70 1.45 
5.70 1.45 
28 5.75 1.60 
5.80 2.00 
5.90 1.91 
5.92 1.95 
32 5.99 2.15 
5.89 2.25 
5.89 2.40 
5.99 2.75 
36 5.99 2.65 
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on the Baroroft differential manometer. For every deter­
mination a manometer containing either soil and dextrose 
or colloids and dextrose but not inoculated was run as a 
blank. The reading of this manometer was subtracted from 
the reading of the manometer which had the inoculated 
soil or colloid and dextrose media. The colloid medium 
inoculated with the anaerobes produced from two to three 
times AS much gas as the same amount of soil inoculated 
with anaerobes. The ojas production from the soil and 
from the colloid are shown graphically In figure 12. The 
anaercbes lagged a little during the first hour and then 
made very rapid growth dtiring the next six hours as indi­
cated by gas production. After 6 hours, growth gradually 
decreased until at the end of 36 hours there was no 
increase. In the other case, the soil inoculated with 
anaerobes made rapid growth during the first hour bat 
growth decreased diiring the next 15 to 25 hours, and then 
increased again regularly xmtil the end of 36 hours 
although they did not approach the maxiauu growth made 
by the anaerobic organisms on the colloids. The colloids 
either stimulated gas production by furnishing more 
materials which could be used by the organisms or by being 
a superior hshltat and allowing for a greater nuniber of 
organisms to develop, possibly because of increased surface. 
Oas Production by Anaerobes in Soil and Soil Colloidal Material 
60 
50 
Sterile Colloid -t- Dextn^^se -f Anaerobes 
40 
M 
30 
20 
terile soil + Dext •t- Anaerobes 
10 
Time in Hours 
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Ixi another experiment dextrose was added to 
sterile oolloid medium and sterile soil medium* hoth 
media being kept sterile and inoculated with a culture 
of anaerobic organisms isolated from a Webster silty clay 
loam* The results obtained in this ejqperiment are shown 
in table XV and Figure 13. The sterile colloid and soil 
and the colloid and the soil, not sterilized, were inocu­
lated in the seme manner. 
The growth of these organisms on these various 
cultural media were obtsined hj measuring the millimeters 
of pressure exorted on the liquid In differential manometers* 
Two such manometers were used, with one being used as a 
blank throughout the determinations. Prior to this time, 
Soule (72) and Nory and Roetam (58) have reported the satis­
factory use of manometers for studying the growth of 
organisms and gave suggestions regarding the difficulties 
that might be encountered. 
All the results have been corrected for any 
changes in temperature or barometric presaare. Eowever, 
in all cases the temperatxire was carefully controlled by 
means of a constant temperature water bath. 
Growth of the organisms on sterile colloid and 
dextrose was better than on a non-sterile mediian as indi­
cated by the rmount of c.bs produced. Tbe colloid mediiam. 
TABLE XV 
GAS PRODUCTION BT AN/»FT?0B:^S AND BY MIXFD CULTURES 
Time :Sterlle Colloid:Starlle Soil 
in t : -f 
Hotira: Dextroa* : Doxtroso 
Sterile Colloid 
: i 
;Sterlle Soil: 
: : 
• 
Colloid : 
• 
• 
Soil 
0 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.05 1.50 0.30 0.20 0.45 0.60 
2 2,35 2.00 0.55 O.SO 0.75 0.20 
9 5.15 2.26 0.70 0.40 1.00 1.50 
4 7,00 2.55 0.70 0.50 1.45 1.80 
5 8.50 2.45 0.95 0.65 2.15 2.15 
6 9,65 2.50 1.05 0.70 2.80 2.40 
7 10.40 2.65 1.20 0.95 3.45 2.65 
8 11.20 2.80 1.20 0.95 4.10 2.85 
9 12.00 2.90 1.50 1.00 4.65 2.90 
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PIGURE 13 
Gas Production by /.naerobos In 3oll and 
Soil Colloidal Material 
12 
Sterile Col/old 4 Dextrose 
fa? 
6 
Colloid 
Soil 
le Soil + Dextrose 
O 
404*:^' J• n oterile Colloid 
^ Sterile ::ioil 
1 2 4 6 7 0 3 5 8 9 
Time in Hours 
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not sterilized^ gave the next best growth, with sterile 
soil plus dextrose, sterile colloid and sterile soil 
following next in order* The high gas production by the 
anaerobic organisms when inoculated into the sterile 
colloid plus dextrose medium might be explained on the 
basis of the greater sxxpface of material exposed for bac­
terial action, more nearly anaerobic conditions and a 
greater supply of nutrients. 
Discossion 
A study was conducted to determine the value 
of the soil colloids for the growth of soil microorganisms* 
In this work colloids were xuied as nutrients 
for some of the common aercibic organisms in the soil* They 
were also used as supplements to the common media used for 
growing the various organisms* 
Soil colloids were tested as a habitat for 
anaerobic organisms* The Barcroft differential manometer 
was employed to measure growth of the organisms* 
1* Boil colloids when substituted for mannitol 
in the ordinary media for Hhizobiuw legumlnosairum. Bacillus 
radiobacter. or Azotobacter chroococcum permitted a very 
good growth of the organisms* Orowth was as good on petri 
dishes when the soil colloids were uaed as when the dextrose 
was eo^loyed as a source of energy* 
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2« Orowth was considerably better when the soil 
colloid was used as the sole source of nutrient In the agar 
media than when an agar medium without nutrients was used, 
but In both cases the growth was Inferior to that made on 
the regular media recommended for the three organisms. 
5* Growth of all of the organisms was most 
luxuriant when a oomblnatl(»i of the regular media plus the 
soil colloids was employed. 
4« The results indicate that the soil colloids, 
either stimulate, act as a source of energy or Induce better 
conditions for the three organisms stxidled. 
5. Axiaeroblc organisms and mixed cultures of 
aerobic and anaerobic organisms responded by xnroducing more 
gas when a cultxipe medium of colloids plus dextrose was 
used than when cultural media consisting of soil plus 
dextrose or colloids or soil alone were supplied* 
6. Indications are that the colloids present 
faTorable conditions for the growth of some anaerobic 
organisms. 
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SUMMiiRX AltiJ COiiCLUSlOllS 
Tha physical and ohenical properties and bac­
teriological characteristics of a number of soils collected 
from various parts of lows were studied in an effort to 
determine what the possibilities were of distinguishing 
soil types in the laboratory. 
1. No strikizig diffex*ences were observed in 
the physical and chemical properties fftiich could be attributed 
to particular soil types. 
SlOs 
2. Characteristic AI265 » ye20a ratios were 
observed for each soil, but this property would not be 
considered sufficient to differentiate soil types. 
3. Water extracts from soils did not show 
definite characteristics on which to base soil type separa­
tions » neither did the chemical analyses oorirelate with all 
of the chemiceCL analyses of the soils. 
4. Various ratios of water to soil yielded 
different amoiints of soluble salts. However, not in all 
oases did the higher dilutions of water to soil yield the 
most solt<)le salts. 
5. Studies on the base exchange conqplez of 
each soil indicated differences but what significance could 
be attached to some of the slight differences observed is a 
question. 
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6« The oxchsnge complex of the Webster sllty 
clay loam was distinctly more rcactlve than that of the 
other soils. 
?• The bacteriological studies indicate that 
the soil colloids may have an important functicn in the 
life and gz*owth of both the aerobic and anaerobic 
organisms found in soils. 
-106 
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